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ABSTRACT
We report on interferometric observations of a face-on accretion system around the High-Mass young stellar object,
G353.273+0.641. The innermost accretion system of 100 au radius was resolved in a 45 GHz continuum image taken
with the Jansky-Very Large Array. Our spectral energy distribution analysis indicated that the continuum could be
explained by optically thick dust emission. The total mass of the dusty system is ∼ 0.2 M⊙ at minimum and up to
a few M⊙ depending on the dust parameters. 6.7 GHz CH3OH masers associated with the same system were also
observed with the Australia Telescope Compact Array. The masers showed a spiral-like, non-axisymmetric distribution
with a systematic velocity gradient. The line-of-sight velocity field is explained by an infall motion along a parabolic
streamline that falls onto the equatorial plane of the face-on system. The streamline is quasi-radial and reaches
the equatorial plane at a radius of 16 au. This is clearly smaller than that of typical accretion disks in High-Mass
star formation, indicating that the initial angular momentum was very small, or the CH3OH masers selectively trace
accreting material that has small angular momentum. In the former case, the initial specific angular momentum is
estimated to be 8 × 1020 (M∗/10 M⊙)
0.5 cm2 s−1, or a significant fraction of the initial angular momentum was
removed outside of 100 au. The physical origin of such a streamline is still an open question and will be constrained
by the higher-resolution (∼ 10 mas) thermal continuum and line observations with ALMA long baselines.
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– stars: formation
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1. INTRODUCTION
A dozen or more disk-like structures in High-Mass
star-formation have been reported in this decade
(e.g., Cesaroni et al. 2006; Beltra´n & de Wit 2016;
Cesaroni et al. 2017, and references therein). Some
of these sources probably trace circumcluster en-
velopes (so-called ”toroid”; Beltra´n et al. 2005, 2011)
rather than individual accretion disks. Such a struc-
ture suggests a hierarchical fragmentation and accre-
tion process around a High-Mass young stellar object
(HMYSO). The innermost compact disks (< 100 au)
were resolved in some very high-resolution observations
(e.g., Kraus et al. 2010; Hirota et al. 2014, 2016, 2017;
Plambeck & Wright 2016).
Detailed theoretical studies have suggested that the
evolution of a High-Mass protostar depends strongly on
the accretion rate (M˙acc) onto the protostellar surface
and the exact accretion geometry (Hosokawa & Omukai
2009; Hosokawa et al. 2010). For example, a high ac-
cretion rate (> 10−4 M⊙ yr
−1), which is expected for
High-Mass star-formation even in disk accretion (e.g.,
Zinnecker & Yorke 2007, and references therein), greatly
swells protostars, resulting in much lower stellar tem-
peratures. This significantly delays stellar ignition (up
to 20 M⊙), changing the history of the energy feed-
back (e.g., bolometric luminosity, total amount of UV -
photons, etc.). Davies et al. (2011) have reported that
such an effect can consistently explain the observed lu-
minosity function of HMYSOs. Observational studies of
the innermost accretion properties will thus be an es-
sential task in the next decade.
Almost all of the known circumstellar systems
in High-Mass star-formation are in a nearly edge-
on orientation (e.g., Patel et al. 2005; Torrelles et al.
2007; Matthews et al. 2010; Carrasco-Gonza´lez et al.
2012; Sa´nchez-Monge et al. 2013; Beltra´n et al. 2014;
Cesaroni et al. 2014; Hirota et al. 2016, 2017; Plambeck & Wright
2016). This bias is simply due to their easy identifica-
tion even with limited angular resolution, based on the
velocity gradient of rotating disks and/or envelopes.
Such edge-on sources are suitable for kinematic studies;
however, the innermost region is significantly obscured
by a surrounding envelope and an edge-on accretion
disk. It is also difficult to study detailed structures
apart from the rather conservative picture of a homoge-
neous rotating and/or infalling disk, even with the ex-
treme sensitivity and resolution of the Atacama Large
Millimeter/Submillimeter Array (ALMA). A face-on
accretion system is, in contrast, a more preferable tar-
get for inner-disk observations, where the self-shielding
effect is minimized and an outflow cavity can reduce
the total optical depth along the line of sight (LOS).
In addition to the observational feasibility, one can di-
rectly observe radial structures such as surface density,
temperature, and chemical composition, etc. Such in-
formation is essential for understanding the angular
momentum transfer and heating/cooling processes in
the innermost region. The latter, in particular, controls
the degree of fragmentation and the maximum stellar
mass (e.g., Krumholz et al. 2010; Cunningham et al.
2011).
In this paper, we report on interferometric observa-
tions of a nearly face-on HMYSO. The target source,
G353.273+0.641 (hereafter G353), is a relatively nearby
(1.7 kpc; Neckel 1978; Motogi et al. 2016) HMYSO in
the southern sky. The mass of the HMYSO is still
uncertain; however, association with class II CH3OH
maser emission (e.g., Caswell & Phillips 2008), which
exclusively traces HMYSOs (e.g., Minier et al. 2003),
suggests that the source is already a High-Mass ob-
ject. G353 is also known as a dominant blueshifted
maser (DBSM) source that is a class of 22 GHz H2O
masers showing a highly blue-shift dominated spectrum
(Caswell & Phillips 2008). The LOS velocities typically
range from -120 to -45 km s−1 and the systemic veloc-
ity (Vsys) is ∼ -5.0 km s
−1 in the case of G353 (e.g.,
Caswell & Phillips 2008; Motogi et al. 2011, 2016).
Caswell & Phillips (2008) proposed that DBSMs are
candidates of HMYSOs with a face-on protostellar jet.
Motogi et al. (2013) have actually found a faint radio
jet and an extremely high-velocity thermal SiO jet in
G353. High-resolution observations using the VLBI
Exploration of Radio Astrometry (VERA) have shown
that the H2O maser also traces a very compact bipo-
lar jet within 400 au around the radio continuum peak
(Motogi et al. 2011, 2016). The inclination angle of the
jet, which was measured by maser proper motions, is 8◦
– 17◦ from the LOS. In addition, Motogi et al. (2016)
have found that the jet is recurrently ejected, and also
accelerated within 100 au from the host HMYSO. The
lack of any OH maser emission also indicates that the
host HMYSO is likely to be in an early phase of evolution
(Breen et al. 2010). These facts confirmed that G353 is,
at present, the best candidate of a face-on HMYSO in
the active accretion phase.
We have searched for a face-on accretion system as-
sociated with G353, via the highest-resolution imaging
of 45 GHz continuum emission using the Jansky-Very
Large Array (J-VLA). We also performed mapping ob-
servations of the 6.7 GHz class II CH3OH maser, and
also 6/9-GHz band (C/X-band) continuum by the Aus-
tralia Telescope Compact Array (ATCA). This maser
is a plausible tracer of an accretion disk and/or en-
velope in High-Mass star-formation (e.g., Sanna et al.
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2010; Moscadelli et al. 2011; Moscadelli & Goddi 2014;
Sugiyama et al. 2014). In addition to these, we inves-
tigated a bolometric luminosity of G353 using some
archival infrared (IR) data, in order to estimate a mass
of the host HMYSO.
2. OBSERVATIONS AND DATA REDUCTIONS
The ATCA and J-VLA observations are detailed in
the following sub-sections. Table 1 presents brief sum-
maries. The phase-tracking center of G353 was set to
17h26m01s.59, -34◦15′14′′.90 (J2000.0) in both observa-
tions.
2.1. J-VLA observations
Two successive observing blocks were allocated on
2014 February 18. There were 24 and 26 available an-
tennas for the first and second observing blocks, respec-
tively. The total observing time was 2.5 hr at an el-
evation above 20◦. Observations were performed with
the WIDAR correlator (Perley et al. 2011) in 8-bit sam-
pling, dual polarization mode. Two 1 GHz basebands,
which consist of eight 128-MHz IFs, centered on 43 and
47 GHz, were employed. We averaged a total of 2 GHz
bandwidth for a continuum imaging, hence the central
frequency of 45 GHz (or 7 mm) was adopted in this pa-
per.
The primary calibrator 3C286 (∼ 1.5 Jy) was observed
for flux and bandpass calibrations at the same eleva-
tion. An accuracy of absolute flux scaling was better
than 15%, which was evaluated from a dispersion of uv-
amplitude. In order to remove rapid atmospheric phase
fluctuations at 45 GHz, we performed the fast-switching
using a nearby (∼ 1◦.85) and bright (∼ 1.5 Jy) quasar
1714-336. The switching cycle was set to 80 s (50 s for
G353, 20 s for 1714-336, 10 s for slew). 1714-336 was
also used for pointing corrections every hour. Total on-
source time was one hour.
Data were analyzed using the Common Astronomy
Software Applications (CASA) package. The VLA cali-
bration pipeline was used for standard calibrations. The
target was faint and no self-calibration was performed.
Synthesized beam size (full width at half-maximum:
FWHM) was 0′′.13 × 0′′.05, with a beam position an-
gle of -0◦.72 (east of north). Here, we adopted natural
weighting for imaging, in order to maximize the sensitiv-
ity. This results in the final image sensitivity of 90 µJy
beam−1 (1 σ). Although the typical astrometric accu-
racy for the J-VLA is 10% of a synthesized beam in case
of fast-switching, a positional error caused by thermal
image noise reaches 6% of the beam, because of a low
signal-to-noise ratio (S/N ∼ 15 σ) in our case. We thus
Table 1. Observational summaries
Phase-Tracking Center (J2000.0)
R.A. Decl.
17h26m01s.59 -34◦15′14′′.90
J-VLA
Observing date: 2014 Feb 18
Available antenna: 24 – 26
Observing time: 2.5 hr
On-source time: 1 hr
Central frequencies: 43 / 47 GHz
Polarization: dual
Bandwidth: 1.0 GHz/IF
Primary calibrator: 3C286 (∼ 1.5 Jy)
Phase calibrator: 1714-336(∼ 1.5 Jy)
Synthesized beam: 0.′′13 × 0.′′05
Beam position angle: -0.◦72
Image sensitivity (1σ): 90 µJy beam−1
Astrometric accuracy: 12 mas
ATCA
Observing date: 2013 Nov 1 and 3
Available antenna: 6
Hour angle range: ± 5 hr
On-source time: 2.5 hr
Central frequency: 6.668 GHz for maser
5.900 GHz for continuum
9.000 GHz for continuum
Polarization: dual
Bandwidth: 8.5 MHz for maser
2.0 GHz for continuum
Final spectral resolution: 1.95 kHz (87.8 m s−1)
Primary calibrator: PKS1934-638 (∼ 3.9 Jy)
Phase calibrator: 1714-336 (∼ 1.0 Jy)
Synthesized beam:a 2.′′6 × 1.′′4 for maser
2.′′0 × 1.′′0 for 6 GHz
1.′′6 × 0.′′8 for 9 GHz
Beam position angle: 8.◦6 for maser
5.◦0 for 6 GHz
8.◦4 for 9 GHz
Image sensitivity (1σ): 12 mJy beam−1 for maser
64 µJy beam−1 for 6 GHz
46 µJy beam−1 for 9 GHz
Astrometric accuracy: 400 mas
aWe adopted the uniform weighting for the maser and ro-
bust weighting for the continuum (see the main text).
adopted a root sum square of both errors as the total
astrometric error, i.e., ∼ 12 milliarcsecond (mas).
2.2. ATCA observations
Observations were held on 2013 November 1 and 3 in
the 6A-configuration using all the six antennas. These
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observations were part of our imaging survey towards 10
candidates of southern DBSMs.
The class II CH3OH maser transition at 6.668519
GHz (JK = 51 – 60 A
+) was observed in the 1 MHz-
0.5 k mode of the Compact Array broadband backend
(Wilson et al. 2011). For the maser emission, a total
bandwidth of 8.5 MHz in dual polarization centered
on 6.668 GHz was obtained by concatenating 16 zoom
bands. The spectral resolution was 0.488 kHz per chan-
nel and 4-channel smoothing was adopted for increased
channel sensitivity. The final spectral resolution was
87.8 m s−1 in the velocity domain. On the other hand,
two 2 GHz wide data centered on 5.9 and 9.0 GHz were
also obtained for continuum analysis.
Several snapshot scans (10 - 15 minutes) were repeated
within a hour angle range of ± 5 hr, acquiring better uv-
coverage for each observing epoch. Total on-source time
after flagging was 2.5 hr. We used the primary calibrator
PKS1934-638 for flux and bandpass calibration. Phase
and amplitude were calibrated by scanning 1714-336 (∼
1 Jy at 6.7 GHz) before and after every target scan.
Array pointing was also checked using 1714-336 every
hour.
Basic reduction was performed by the MIRIAD pack-
age. The observed flux of PKS1934-638 (∼ 3.9 Jy) was
consistent with that estimated by interpolating 5.5 and
9 GHz fluxes in the ATCA Calibrator Database. We
conclude that the accuracy of our flux scaling is bet-
ter than 7%. Self-calibration and imaging were con-
ducted using the Astronomical Imaging Processing Sys-
tem (AIPS) package developed by the National Radio
Astronomy Observatory (NRAO).
The maser data were self-calibrated by using the
brightest maser channel. We adopted uniform weighting
for maser mapping, achieving the maximum angular res-
olution. Synthesized beam size and position angles are
2′′.6 × 1′′.4 and 8◦.6, respectively. The typical image
noise level (1 σ) is ∼ 12 mJy beam−1.
On the other hand, we used robust weighting for the
continuum in order to achieve a better image quality
and a moderate angular resolution. The ROBUST pa-
rameter in AIPS task IMAGR was set to 0. This is
just the medium weighting between the natural and uni-
form weighting. In order to remove strong contaminated
flux from a nearby extended H II region, short baseline
data were flagged out. We flagged all the data at a uv-
distance shorter than 50 and 30 kλ for 6 and 9 GHz
band, respectively.
Synthesized beam size and position angle are 2′′.0 ×
1′′.0 and 5◦.0 at 6 GHz, and 1′′.6 × 0′′.8 and 8◦.4 at 9
GHz, respectively. These beam sizes are smaller than
that in the uniform-weighted maser image, because of
the baseline flagging mentioned above. The final image
noise levels (1 σ) are ∼ 64 and 46 µJy beam−1 at 6 and
9 GHz, respectively.
The position of each maser spot and continuum source
was determined by the elliptical Gaussian fitting. Al-
though the absolute astrometric accuracy of ATCA is ∼
400 mas, relative positional accuracies between detected
maser spots are much better. Such internal accuracies,
which are roughly estimated as the half of the beam size
divided by S/N, reach a few mas in cases of bright maser
spots.
2.3. Archival IR data
We retrieved the NASA/IPAC Infrared Science
Archive website,1, searching for the nearest IR coun-
terpart from the phase-tracking center. The re-
trieved catalogs are the Two Micron All Sky Sur-
vey (2MASS) Point Source Catalog (Skrutskie et al.
2006), the Spitzer Galactic Legacy Infrared Mid-Plane
Survey Extraordinaire (GLIMPSE: Benjamin et al.
2003; Churchwell et al. 2009), the mid-infrared Mid-
course Space eXperiment (MSX) Point Source Catalog
(Price et al. 2001; Egan et al. 2003), and the Herschel
infrared Galactic Plane Survey (Hi-GAL Molinari et al.
2010, 2016) that consists of the Herschel Space Ob-
servatory (Pilbratt et al. 2010) PACS (Poglitsch et al.
2010) and SPIRE (Griffin et al. 2010) images at wave-
lengths of 70, 160, 250, 350, and 500 µm. In addition
to the IR dataset, we also found a submillimeter con-
tinuum data in the APEX Telescope Large Area Survey
of the Galaxy (ATLASGAL) Compact Source Catalog
2(Schuller et al. 2009; Contreras et al. 2013).
3. RESULTS
3.1. 45 GHz Continuum
Figure 1 shows a 45 GHz continuum image taken by
the J-VLA. In the same figure, we are also showing H2O
masers observed by VERA, which trace a protostellar
jet (Motogi et al. 2016). The x and y axes are the right
ascension offset (X =∆α × cosδ) and declination offset
(Y =∆δ), respectively. The coordinate origin was set to
the phase-tracking center.
A very compact continuum source was detected at the
center of the bipolar maser jet. The source was resolved
along the minor axis of the synthesized beam (in the
east -west direction). Table 2 shows the best-fit pa-
rameters that were derived from the elliptical Gaussian
fitting. The total flux is 3.5 mJy and the size of the de-
1 http://irsa.ipac.caltech.edu/
2 http://atlasgal.mpifr-bonn.mpg.de/cgi-bin/ATLASGAL_DATABASE.cgi
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Figure 1. The contours present J-VLA 45 GHz continuum
image, which are from 19% (3 σ) to 99% with a step of 5%
of the image peak flux (1.39 mJy beam−1). The filled cir-
cles show a VLBI map of the H2O maser jet in Motogi et al.
(2016) with the color indicating the LOS velocity of each
maser spot. The coordinate origin is the phase-tracking cen-
ter, 17h26m01s.59, -34◦15′14′′.90 (J2000.0). The synthesized
beam of J-VLA is shown in the lower left corner.
convolved Gaussian (FWHM: 0′′.123× 0′′.073) indicates
the averaged brightness temperature Tb of 235 K.
Another weak component (∼ 0.3 mJy beam−1) was
also detected at the west side. This can be a knot of
the radio jet or binary companion, but we avoid further
discussions due to the marginal S/N (3.5 σ).
3.2. 6/9 GHz Continuum
We detected a faint centimeter continuum source (Fig-
ure 2). Table 3 presents properties of the 6/9 GHz
continuum. The source positions are roughly consistent
with that of the 45 GHz continuum emission within the
astrometric error of 400 mas. Since the peak S/N is
quite limited (5 σ – 7 σ), the relative positional errors
are relatively large (∼ 50 – 200 mas). We note that the
peak position of the best-fit gaussian at 9 GHz offsets
from the image peak position (see Figure 2), although
the offset is still within the range of the fitting error
(∼ 100 mas). This is probably because of the slightly
extended structure.
The source seems to completely be a point source at
6/9 GHz, while Motogi et al. (2013) have found that
the radio jet is elongated ∼ 1′′.0 along the north-south
direction at 22 GHz. If one applies the size-frequency
relation (Anglada 1996), where the major axis of a radio
jet is inversely proportional to an observing frequency
(θmaj ∝ ν
−0.7 in the case of a conical jet), the source
size is expected to be 2′′.5 and 1′′.9 at 6 and 9 GHz,
respectively. Although this is comparable with the beam
Figure 2. Top: 6 GHz continuum image. Bottom: 9 GHz
continuum image. The contour levels are 57% (3 σ), 76%,
94%, and 99% of the image peak flux (350 µJy beam−1) at 6
GHz, and 46% (3 σ), 64%, 81%, and 99% of the image peak
flux (300 µJy beam−1) at 9 GHz. The black cross in each
panel indicates the peak position at 45 GHz, where the cross
size shows the relative positional errors (see Table 3). The
dotted ellipse in each panel shows the relevant synthesized
beam of ATCA.
sizes in this work, it is clearly difficult to identify any
partially resolved structure, because of the limited S/N.
A tentative spectral index between 6 and 9 GHz is ∼
0.6. This may be consistent with a typical index of a
radio jet (∼ 0.6; Anglada 1996), however, the error of
the index is still significantly large (± 1.3). The overall
spectral energy distribution (SED) shape at centimeter
wavelengths will be discussed in a latter section.
3.3. 6.7 GHz CH3OH maser
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Table 2. The best-fit Gaussian parameters for the 45 GHz continuum
Position Offset Deconvolved Size (FWHM)
X Y θMaj θMin PA Iν Sν Tb
(mas) (mas) (◦) (mJy beam−1) (mJy) (K)
-30 ± 1 -16 ± 3 123 ± 4 73 ± 8 143 ± 5 1.3 ± 0.1 3.5 ± 0.1 235 ± 9
Note—Columns 1-2: positional offsets from the phase-tracking center. Columns 3-5: major
axis, minor axis, and position angle (east of north). Columns 6-8: peak flux, total flux, and
averaged brightness temperature. All the errors are formal fitting errors that do not include
the astrometric error and the error in flux scaling.
Table 3. Properties of the 6/9 GHz continuum
Central Position Offseta
Frequency X err Y err Iν Sν uv-limit
b
(GHz) (mas) (mas) (µJy beam−1) (µJy) (kλ)
5.9 -99 91 -154 181 350 ± 64 296 ± 100 50
9.0 -200 58 -104 114 320 ± 46 387 ± 91 30
aThe peak position of the best-fit Gaussian with respect to the phase-tracking
center. The errors do not include the absolute astrometric accuracy of ATCA.
b The minimum uv-distance for imaging (see the main text).
Figure 3. ATCA spectrum of the 6.7 GHz CH3OH maser.
Data from all baselines were integrated. The thin curves
show the six best-fit Gaussian components. The post-fit
residual is also plotted with an offset of -0.25 Jy.
The ATCA spectrum of the CH3OH maser is shown
in Figure 3. The observed velocity range is roughly
consistent with that reported in previous studies (e.g.,
Caswell & Phillips 2008; Caswell et al. 2010), however,
the spectral shape clearly differs from the double-peaked
shape in the past. The peak flux is only 20% compared
to that in Caswell & Phillips (2008), where the relatively
bright component (∼ 25 Jy) was detected at -5 km s−1.
We detected 43 maser spots with a 7 σ detection limit
(Table 4). The estimated positions of all the maser
spots are roughly consistent with the position of the 45
GHz continuum emission within the astrometric error
of 400 mas, although their averaged position is slightly
offset from the phase-tracking center, i.e., -104 and -160
mas in X and Y , respectively. This offset is almost the
same as that of the 6 GHz band continuum. Figure 4
presents the internal distribution of 30 bright CH3OH
maser spots (S/N > 30), where the coordinated origin
was slightly offset from the original position (see below).
This S/N corresponds to the relative positional accuracy
of ∼ 25 and 45 mas in the X and Y directions, respec-
tively. These masers have accurate relative positions
compared to the scale of the maser distribution, and
hereafter we use only these spots for discussing detailed
internal structure.
It is difficult to directly compare the 45 GHz contin-
uum position and maser distribution, due to the signif-
icant astrometric error in ATCA data. Therefore, we
superposed the maser distribution onto the continuum
image in Figure 4, assuming that the peak position of
the 6 GHz continuum is identical to that of the 45 GHz
continuum. In this assumption, the spatial spread of
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Table 4. Detected maser spots
VLSR X Y R Iν Sν S/N
(km s−1) (mas) (mas) (mas) (Jy beam−1) (Jy)
Bright Spots (S/N ≥ 30)
-3.584 -35 ± 20 -6 ± 34 36 0.427 ± 0.014 0.416 ± 0.023 31
-3.672 -15 ± 13 84 ± 21 85 0.594 ± 0.012 0.578 ± 0.021 48
-3.759 -39 ± 9 28 ± 17 48 0.830 ± 0.013 0.841 ± 0.022 65
-3.847 -45 ± 7 29 ± 12 54 1.095 ± 0.013 1.097 ± 0.022 86
-3.935 -41 ± 5 26 ± 9 48 1.422 ± 0.011 1.446 ± 0.020 125
-4.023 -31 ± 5 26 ± 8 40 1.705 ± 0.013 1.711 ± 0.022 135
-4.111 -26 ± 4 39 ± 7 47 1.905 ± 0.013 1.922 ± 0.022 151
-4.198 -22 ± 3 17 ± 6 28 2.379 ± 0.012 2.381 ± 0.021 193
-4.286 -18 ± 2 -5 ± 4 18 3.729 ± 0.014 3.707 ± 0.024 274
-4.374 -10 ± 1 -3 ± 3 11 6.309 ± 0.015 6.289 ± 0.026 426
-4.462 -7 ± 1 -9 ± 2 12 8.617 ± 0.017 8.579 ± 0.029 510
-4.550 -7 ± 1 -7 ± 2 10 8.324 ± 0.017 8.314 ± 0.029 493
-4.637 -3 ± 1 -2 ± 3 4 6.128 ± 0.015 6.138 ± 0.026 417
-4.725 3 ± 2 -15 ± 4 15 3.719 ± 0.013 3.751 ± 0.023 284
-4.813 10 ± 4 -3 ± 6 11 2.187 ± 0.013 2.198 ± 0.023 167
-4.901 5 ± 5 -5 ± 9 7 1.473 ± 0.013 1.462 ± 0.022 117
-4.989 5 ± 7 -10 ± 12 11 1.157 ± 0.012 1.183 ± 0.022 93
-5.076 -12 ± 8 13 ± 13 18 1.059 ± 0.013 1.078 ± 0.023 82
-5.164 -11 ± 7 3 ± 12 11 1.108 ± 0.012 1.142 ± 0.022 91
-5.252 10 ± 6 17 ± 11 20 1.279 ± 0.013 1.273 ± 0.023 98
-5.340 17 ± 5 9 ± 9 19 1.420 ± 0.012 1.406 ± 0.020 121
-5.428 2 ± 5 -13 ± 9 13 1.495 ± 0.013 1.477 ± 0.022 119
-5.515 30 ± 5 11 ± 9 32 1.541 ± 0.013 1.599 ± 0.023 121
-5.603 22 ± 5 9 ± 9 24 1.539 ± 0.012 1.562 ± 0.021 126
-5.691 34 ± 6 0 ± 10 34 1.344 ± 0.012 1.350 ± 0.022 108
-5.779 35 ± 9 -2 ± 16 35 0.903 ± 0.013 0.933 ± 0.024 68
-5.867 31 ± 14 -52 ± 25 61 0.523 ± 0.012 0.554 ± 0.021 44
-6.218 59 ± 17 -32 ± 32 67 0.420 ± 0.012 0.421 ± 0.021 35
-6.306 12 ± 19 -100 ± 32 101 0.445 ± 0.013 0.486 ± 0.023 35
-6.394 48 ± 19 -50 ± 33 69 0.422 ± 0.012 0.470 ± 0.023 34
Faint Spots (S/N < 30)
-3.232 -88 ± 59 -23 ± 112 91 0.124 ± 0.012 0.131 ± 0.022 10
-3.320 -72 ± 39 77 ± 65 105 0.198 ± 0.012 0.190 ± 0.021 16
-3.408 -29 ± 30 112 ± 50 116 0.270 ± 0.013 0.252 ± 0.022 20
-3.496 -148 ± 26 -8 ± 44 148 0.305 ± 0.013 0.304 ± 0.022 24
-5.955 -20 ± 23 -36 ± 38 42 0.331 ± 0.012 0.353 ± 0.022 28
-6.042 36 ± 26 23 ± 45 42 0.291 ± 0.012 0.303 ± 0.021 24
-6.130 23 ± 24 -72 ± 40 75 0.323 ± 0.012 0.323 ± 0.022 26
-6.481 -21 ± 26 -50 ± 40 54 0.317 ± 0.012 0.337 ± 0.022 26
-6.569 19 ± 38 -33 ± 65 38 0.219 ± 0.013 0.221 ± 0.022 17
-6.657 103 ± 50 -41 ± 96 111 0.145 ± 0.012 0.150 ± 0.021 12
-6.745 40 ± 51 -179 ± 103 183 0.130 ± 0.012 0.124 ± 0.020 11
-6.833 91 ± 59 121 ± 105 151 0.111 ± 0.012 0.085 ± 0.018 9
-6.920 -49 ± 119 -56 ± 177 74 0.086 ± 0.011 0.115 ± 0.024 8
Note—Column 1: LOS velocities with respect to the local standard of rest (LSR).
Columns 2-3: positional offsets from the averaged position, that is, -104 and -160
mas in X and Y with respect to the phase-tracking center, respectively. Column 4:
projected distances from the averaged position. Columns 5-6: Peak and integrated
fluxes. Column 7: S/Ns. All the errors are formal fitting errors that do not include the
astrometric error and the error in flux scaling.
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Figure 4. Internal distribution of the 6.7 GHz CH3OH
masers. Filled triangle shows a position of each maser spot
with a color indicating the LOS velocity. Only the bright
maser spots (S/N > 30 σ), which had better accuracy of an
internal position, were shown here. The maser map is su-
perposed on the 45 GHz continuum map, assuming that the
peak position of the 6 GHz continuum is identical to that
of the 45 GHz continuum. The contour levels are same as
that in Figure 1. The synthesized beam of J-VLA is shown
in lower left corner. Black dotted line marks the axis of the
position-velocity diagram.
the maser cluster coincides with that of 45 GHz contin-
uum emission, even including fainter (S/N < 30) masers.
This could suggest that both emissions stem from the
same circumstellar structure.
It is noteworthy that the masers show a systematic ve-
locity gradient along the inverse-”S” shaped alignment.
Figure 5 shows the position-velocity diagram. Here, the
vertical axis shows a positional offset from the averaged
position, along the position angle of 122◦ that was es-
timated by the simple linear fitting toward the maser
distribution. The velocity gradient is 2.0 × 10−2 km
s−1 mas−1 (± 1.5 km s−1 over 150 mas) centered on
the systemic velocity of -5 km s−1. The direction of the
velocity gradient (southeast-northwest) is roughly per-
pendicular to the position angle of the H2O maser jet
(northeast-southewest). This probably suggests a differ-
ent kinematic origin for the two masers.
3.4. Bolometric luminosity
Table 5 presents summaries of the IR archival data.
Unfortunately, two GLIMPSE data at 5.8 and 8.0 µm
were saturated and out of use. Figure 6 shows the SED
at IR wavelengths. Here, foreground extinction was cor-
rected, based on a visual extinction (AV) of ∼ 20 mag
in this region, which was estimated by Russeil et al.
(2010). A dust opacity model in Ossenkopf & Henning
Figure 5. Position-velocity diagram of the CH3OH masers.
The x axis shows a LOS velocity. The y axis shows a posi-
tional offset from the averaged position along the the position
angle of 122◦ that was estimated by the simple linear fitting.
(1994) without any coagulation was adopted, assuming a
less dense extended cloud as a foreground opacity source.
An important feature is a relatively flat SED shape.
The mid-IR fluxes at 10-20 µm reach ∼ 10% of the peak
flux around 100 µm. Such a flat SED is theoretically
expected for a nearly face-on object (Zhang & Tan 2011)
and consistent with the previously measured inclination
angle.
In order to estimate a bolometric luminosity (Lbol),
the SED shape was approximated by a simple three-
component blackbody model. We performed this black-
body fitting using both of the extinction-corrected data
and the original data for comparison. The fitting re-
sults are summarized in Table 6. The estimated Lbol
is ∼ 5×103 L⊙ and only weakly depends on the extinc-
tion within the adopted AV range (0 –20 mag). This
corresponds to a B1-type zero-age main sequence star
(ZAMS) (e.g., Panagia 1973), implying a stellar mass of
∼ 10 M⊙ (e.g., Hosokawa & Omukai 2009).
This is the first estimation of a host YSO mass in
G353 and we adopt 10 M⊙ in the following discussions.
However, it should be noted that this is still a rough
estimation. A fine-tuned SED modeling that includes a
stellar evolutionary model is required to conclude exact
stellar parameters.
4. DISCUSSION
4.1. Origin of the continuum emission
Figure 7 shows a tentative SED at centimeter wave-
lengths. The SED contains both of the peak and total
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Table 5. IR archival Data Set
Catalog Source ID λ Separationa Sν err S
′
ν
err′
(µm) (arcsec) (Jy)
2MASS 17260170-3415154 2.2 1.5 0.0062 0.0001 0.091 0.002
GLIMPSE G353.2732+00.6409 3.6 0.7 0.64 0.05 2.04 0.16
4.5 5.3 0.4 12.9 1.0
5.8 Saturated
8.0 Saturated
MSX G353.2732+00.6411 8.3 0.5 13.7 0.6 25.7 1.0
12.1 28.7 1.4 64.7 3.2
14.7 51.7 3.2 85.3 5.2
21.3 67.2 4.0 111.9 6.7
Hi-GAL HIGALPB353.2731+0.6416 70 1.6 590.3 0.6 621.2 0.7
HIGALPR353.2733+0.6418 160 2.6 560.2 1.3 567.5 1.4
HIGALPS353.2731+0.6418 250 2.4 402.8 1.6 405.3 1.6
HIGALPM353.2734+0.6421 350 3.8 182.7 1.5 183.2 1.5
HIGALPL353.2737+0.6429 500 6.7 78.7 1.5 78.8 1.5
ATLASGAL AGAL353.272+00.641 870 3.0 45.9 0.7 45.9 0.7
aAngular separation from the phase-tracking center.
Note—The last two columns show extinction-corrected fluxes and errors, respectively.
Figure 6. Best-fit result of the three-component blackbody
fitting with the extinction correction (Av = 20 mag). The
dashed and solid curves show each blackbody component (T
= 51, 224, and 550 K) and total flux, respectively.
fluxes at 22 GHz continuum reported in Motogi et al.
(2013). The former gives an upper limit of the com-
pact continuum source, while the latter, and also 6/9
GHz fluxes, contain significant contributions from the
extended radio jet because of the lower angular reso-
lution (0′′.5 – 2′′.0). The upper limit flux at 22 GHz
suggests that the lower limit spectral index α of the
compact continuum source is 2.4 ± 0.2 between 22 and
45 GHz.
Table 6. Approximated bolometric luminosity
Av NH2 Lbol Comments
(mag) (1022 cm−2) (103 L⊙)
0 0.0 4.5 No extinction correction
20 2.0 5.5 Av from Russeil et al. (2010)
Note—The first two columns show a foreground visual extinction and
corresponding H2 column density.
This could exclude any possibility of a very compact
H II region (α = -0.1 – 2: Murphy et al. 2010) or ra-
dio jet (α ∼ 0.7: Anglada 1996). A fully optically
thick hyper-compact H II region (α = 2), which is oc-
casionally associated with the class II CH 3OH maser
(e.g., Sa´nchez-Monge et al. 2011), may be still possible
if there are significant errors in the absolute flux scal-
ing. However, the observed flux of 3.5 mJy at 45 GHz
corresponds to a source size of ∼ 18 mas in this case,
considering the electron temperature of 104 K. This is
clearly inconsistent with the fact that the source was
slightly resolved in the J-VLA image.
Alternatively, such a steep index is naturally ex-
plained by a graybody emission from dust (α = 2 – 4).
The association between the continuum and 6.7 GHz
CH3OH maser, which is excited by warm dust emission
(Cragg et al. 2005), is also consistent in this case. We
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Figure 7. Tentative SED of G353 between 6 and 45 GHz.
The filled circles present total fluxes, including 18 and 22
GHz data from Motogi et al. (2013). The two downward tri-
angles also present the peak fluxes at 18 and 22 GHz that
were treated as the upper limit fluxes for the compact contin-
uum source. The solid black curve shows the best-fit ”free-
free + dust” model for β = 1.00 (see the main text); on the
other hand, the dash-dotted and dashed curve indicate each
of the free-free and dust components in the best-fit model,
respectively.
thus propose that the continuum traces warm dust in
the innermost circumstellar system.
No significant beam dilution is expected, since the
source structure was clearly resolved. The observed
brightness temperature of 235 K implies that an opti-
cal depth of τ is at least higher than 0.17, consider-
ing the dust sublimation temperature (∼ 1500 K). This
gives a valid lower limit gas mass of 0.2 M⊙, assuming
typical dust parameters in an accretion disk, i.e., dust
mass opacity at 350 GHz k350GHz = 1.75 cm
2 g−1, opac-
ity index β = 1.0, and a gas-to-dust ratio of 100 (e.g.,
Ossenkopf & Henning 1994; Jørgensen et al. 2007). The
dust mass opacity at a frequency ν is expressed as kν =
1.75 (ν/350 GHz)β cm2 g−1.
On the other hand, a partially optically thick con-
dition (τ ∼ 1) gives a more moderate dust tempera-
ture (Tdust ∼ 375 K). Such an optically thick condition
may be consistent with the ”disk-masking” scenario for
the origin of DBSMs proposed by Motogi et al. (2013),
where an optically thick face-on disk obscures most of
the red-shifted H2O maser spots. We tried a simple
model fitting toward the overall SED shape, in order to
test such a possibility.
We considered a two-component SED model combin-
ing a radio jet and dust emission, where total flux was
defined by,
Sν =Sjet + Sdust
=S22
( ν
22GHz
)αjet
+Ωdust (1− exp(−τdust))Bν(Tdust).
Here, S22 and αjet are the contributed flux of the radio
jet at 22 GHz and the spectral index of the jet, respec-
tively. Ωdust is a solid angle of the compact dust emis-
sion and we adopted the observed source size in Table
2. Bν(Tdust) is a Planck function. The optical depth of
the dust emission τdust is expressed as,
τdust= τ45
( ν
45GHz
)β
,
where τ45 indicates the optical depth of the dust emis-
sion at 45 GHz. We assumed Sdust = 3.5 mJy (i.e., Tb
= 235 K) at 45 GHz. This is because any extended
flux at 45 GHz seems to be completely resolved out. β
could not be determined uniquely, because of an opti-
cally thick condition. Instead, the observed SED was
fitted, adopting several fixed β values (β = 1.0, 0.75,
and 0.5). The remaining three parameters (αjet, S22
and τ45) were determined under these assumptions.
The best-fit parameters were summarized in Table 7
and each of Sν , Sjet and Sdust in the case of β = 1.0
were each plotted in Figure 7. The obtained αjet and S22
were almost identical in all the assumed β. In particular,
the best-fit αjet of 0.7 is well consistent with the typical
value of the radio jet (Anglada 1996). The dust emission
is, on the other hand, expected to be optically thick
in all cases. Table 7 also contains the resultant Tdust
and total gas masses Mgas for each β. The latter were
calculated assuming a gas-to-dust ratio of 100 and dust
mass opacity in Ossenkopf & Henning (1994) mentioned
above.
The estimated Mgas is 0.6 M⊙ even in the case of
β = 0.5 and up to a few M⊙, unless the gas-to-dust
ratio and/or dust opacity are significantly lower than the
nominal interstellar conditions, as in the cases of low-
mass accretion disks (e.g., Tsukamoto et al. 2017, and
references therein). If β is larger than 0.75,Mgas exceeds
15% of the host YSO mass (∼ 10 M⊙). Such a High-
Mass system could be self-gravitating and dynamically
unstable. This may explain the episodic nature of the
H2O maser jet (Motogi et al. 2016), by causing a short-
time (∼ 1 year) variation of the accretion rate (e.g.,
Machida 2014, and references therein), as suggested in
recent NIR observations toward several HMYSOs (e.g.,
Kumar et al. 2016). Otherwise, the results may simply
imply smaller β in the system.
Our SED analysis has shown that the observed SED
of G353 could be explained by a combination of an ex-
tended radio jet and compact optically thick dust source;
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Table 7. The best-fit SED parameters
Fixed Free Results
β Tb
a αjet S22 τ45 Tdust Mgas
b
(K) (mJy) (K) (M⊙)
1.00 235 0.7 0.6 2.5 258 3.9
0.75 235 0.7 0.6 1.8 284 1.7
0.50 235 0.7 0.6 1.0 374 0.6
Note—
aThe observed brightness temperature at 45 GHz.
b A gas-to-dust ratio of 100 was assumed.
however, we emphasize that the expected physical pa-
rameters are still tentative and depend strongly on the
dust parameters. In addition, we cannot exclude any
partial contamination from an unresolved free-free emis-
sion around the host object. We require a follow-up SED
measurements at a comparable or higher angular reso-
lution to confirm the exact nature of the circumstellar
environment in G353. Lower-frequency observations at
optically thin frequencies are particularly important to
determine precise dust parameters and column density.
4.2. Origin of the velocity gradient
Although similar systematic velocity gradients are
found in some portion of class II CH3OH maser
sites (e.g., Norris et al. 1998; Walsh et al. 1998;
Bartkiewicz et al. 2009; Fujisawa et al. 2014), one
should be careful that our beam size is still signifi-
cantly larger than the maser distribution. This could
artificially create such a velocity gradient in some cases.
For example, if two maser clumps with slightly different
velocity centroids are closely located within a beam size,
systematic drift of the apparent velocity centroid may
be observed. However, this is probably not the case,
since the interferometric spectrum in Figure 3 consists
of at least six Gaussian components. This fact suggests
that the masers have intrinsic kinematic and spatial
structures.
The linear position-velocity diagram in Figure 5 may
be explained by an edge-on Keplerian rotating ring (e.g.,
Uscanga et al. 2007), despite the nearly face-on geome-
try of the jet as shown in Motogi et al. (2016). Such an
apparently misaligned geometry might be possible, if the
jet significantly bends within 100 au from the launching
point. However, the observed velocity gradient (3 km
s−1 over 250 au) corresponds to a dynamical mass of
only 0.3 M⊙ in this case. This is too small and clearly
inconsistent with the association of the class II CH3OH
Figure 8. Distance–velocity diagram of the CH3OH masers.
A dotted line indicates the best-fit result of our parabolic in-
fall model (see section 4.3). The x and y axes show LOS
velocities and a projected distances from the dynamical cen-
ter (x0, y0), which were determined by the model-fitting,
respectively.
maser itself. In addition, a simple spherical infall model
is also unsuitable, since LOS velocities coincide with the
systemic velocity of ∼ -5 km s−1 near the center of the
distribution.
Figure 8 presents a ”distance–velocity” diagram that
shows the relation between LOS velocities and projected
distances from the averaged position of the maser dis-
tribution. The red-shifted and blue-shifted sides are
clearly symmetrical about the systemic velocity. This
fact strongly suggests that the LOS velocities are ex-
pressed as a parabolic function of a projected distance.
The maser distribution in Figure 4 appears spiral-like
rather than ring-like or linear; however, the parabolic
velocity field cannot be explained by a simple rotat-
ing disk with a spiral arm. Three-dimensional structure
is clearly required rather than a planar disk-like sys-
tem, given the nearly face-on geometry. Alternatively,
such a non-axisymmetric structure evokes the infall
streams found in several low-mass protostars and proto-
binaries (e.g., Mayama et al. 2010; Casassus et al. 2013;
Tang et al. 2014; Yen et al. 2014). In particular, recent
ALMA observations toward a low-mass class 0 object
have found that similar non-axisymmetric streams fall
down onto the edge-on accretion disk along a parabolic
orbit (Yen et al. 2014).
If such a system is observed in a face-on view, the LOS
component of the infall velocity approaches zero near the
center. On the other hand, increasing LOS components
at outer radii can cancel a decrease of the net infall veloc-
ity along a radial distance. These behaviors consistently
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Figure 9. Schematic view of our parabolic infall model.
The blue and red filled circles indicate a blue-shifted and
red-shifted infalling maser clumps, respectively. The LOS
is along the Z direction. θ1 and θ2, are angles between the
direction of the dynamical center, tangential to the direction
of the trajectory and LOS (see section 4.3).
explain the overall profile of our distance–velocity dia-
gram, hence, we have performed a model-fitting in order
to examine such a model.
4.3. Parabolic infall model
Figure 9 shows the schematic view of our parabolic
infall model. Here, infall streams traced by the CH3OH
masers fall down to the equatorial plane of the inner ac-
cretion disk, along the point symmetric trajectory. We
assume a completely face-on system for simplicity. This
allows us to ignore any rotating motion that is perpen-
dicular to the LOS. We thus ignore any azimuthal coor-
dinate, while the streamline may fall down along a 3D
paraboloid in practice.
The height from the equatorial plane Z, is modeled by
the power-law function of radial distance R, analogous
to the standard disk (e.g., Zhang & Tan 2011):
Z = Z0
(
R−R0
R0
)p
, (1)
where Z0, p, and R0 indicate a scaling factor, power-law
index, and landing radius where the infall streams reach
the equatorial plane, respectively.
The LOS velocity Vmod is modeled by the freefall ve-
locity, assuming that only a tangential component along
the streamline is always effective:
Vmod = Vsys ±
√
2GM∗
R2 + Z2
cosθ1cosθ2, (2)
where, G andM∗ are the gravitational constant and cen-
tral YSO mass, respectively. θ1 is an angle between the
direction toward the gravitational center and the tan-
gential direction of the model trajectory. θ2 is an angle
between the tangential direction and the LOS (see Fig-
ure 9). The sign in the equation was set as positive for
the red-shifted stream and negative for the blue-shifted
stream. M∗ was fixed at 10 M⊙ as expected from the
Lbol. Although this may still be a rough estimation, it
should be emphasized that our model is robust against
M∗. We can always find a proper Z0 for different M∗,
i.e., larger M∗ simply results in lower Z0. We also note
that both θ1 and θ2 are automatically determined for
each parameter set as a function of R.
In addition to Z0, R0 and p, we introduced three other
parameters, i.e., the relative position of the dynamical
center (x0, y0) with respect to the center of the maser
distribution, and true systemic velocity Vsys. We have
performed reduced chi-squared fitting on the distance–
velocity diagram using these six free parameters. Ob-
served LOS velocities Vobs were fit by Vmod as minimiz-
ing χ2,
χ2 =
1
N
∑
i
(V obsi − V
mod
i )
2
δV 2
. (3)
N and δV are the degree of freedom (N = 24) and er-
ror of observed LOS velocities. We simply adopt the
spectral resolution of 0.0878 km s−1 as δV .
The fitting results are shown in Figure 8 and the best-
fit parameters are listed in Table 8. The error for each
parameter was determined as χ2 to be unity. The min-
imized χ2 of ∼ 0.67 indicates that our parabolic infall
model consistently explains the observed velocity field.
Figure 10 shows the edge-on cross-sectional view of the
best-fit trajectory with a 1 σ error range. Positive and
negative radial distances indicate the east blue-shifted
region and west red-shifted region, respectively. Figure
10 also presents the radial locations of the observed data
points along the best-fit streamline as a reference, where
any azimuthal locations were ignored.
The streamline is quasi-radial (Z/R < 10 per cent)
even at the outer region (R ∼ 200 au). This fact in-
dicates that centrifugal force is basically negligible, al-
though the head–tail like distribution of the blue-shifted
masers in Figure 4 may imply non-zero angular momen-
tum. Such an infall-dominated motion of the class II
CH3OH maser at 100 au scale has actually been de-
tected in a VLBI study by Goddi et al. (2011).
The R0 of 16 au is clearly smaller than that of typ-
ical accretion disks in High-Mass star-formation (e.g.,
Beltra´n & de Wit 2016, and references therein). This
fact indicates that the initial angular momentum in
G353 is very small, or the CH3OH masers selectively
trace accreting material that has a small angular mo-
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mentum. This point will be discussed again in section
4.4
Another interesting feature is that the innermost
maser distribution looks like a semi-ring as seen in
Figure 4. It is noteworthy that the radius and center of
this semi-ring, roughly coincide with the best-fit landing
radius and dynamical center. This structure may have
some physical origin such as an accretion shock at the
centrifugal barrier (i.e., a half of the centrifugal radius),
as found in recent ALMA observations toward several
low-mass class 0 objects (e.g., Sakai et al. 2014, 2016;
Oya et al. 2016).
4.4. Physical interpretation
Our infall model successfully explains the observed ve-
locity structure, but the origin of that structure is still an
open question. The spiral-like (or head–tail) azimuthal
structure could be a natural outcome of gravitational
acceleration with non-zero angular momentum. Gravi-
tational interaction between binary companions and the
disk can also cause such a streamline from circumbi-
nary disk (e.g., Shi et al. 2012). It may be caused by
gravitational instability in a self-gravitating disk (e.g.,
Tobin et al. 2016). Since the masers probably trace only
part of the entire structure, a spatially resolved thermal
line and/or continuum image is required.
On the other hand, the power-law index p of 1.86
is clearly larger than that for a scale height of a typ-
ical standard disk (p ∼ 1; Zhang & Tan 2011), and is
even steeper than that for isothermal disks (p ∼ 1.5;
Bell et al. 1997). One possibility is that it is determined
by the 2D profile of temperature and density, since the
pumping condition of the class II CH3OH maser emis-
sion is sensitive to these parameters.
If the streamline traces the actual curvature of a cir-
cumstellar structure, a physically thick envelope (or
toroid) may be more adequate. Alternatively, it can sim-
ply trace a trajectory of channel flows between hierarchi-
cal accretion systems, as in the case of low-mass objects
(e.g, Casassus et al. 2013; Tang et al. 2014). Such a spe-
cific structure should be directly detected by a higher-
resolution image of thermal dust or molecular emission.
This may have already been indicated by the fine struc-
ture of our VLA image that is discussed below.
Another exotic explanation is that the infall trajec-
tory is frozen in a hourglass-shaped magnetic field that
is supposed to be common in both high- and low-mass
star-formation (e.g., Girart et al. 2006, 2009). Maser
polarization would be a direct diagnostic in this case
(e.g., Vlemmings et al. 2010; Sanna et al. 2015).
If the compact continuum emission is really explained
by the optically thick dust continuum emission as pro-
posed by our SED analysis in section 4.1, a simple in-
terpretation is that both of the continuum and masers
trace the same dusty infall streams. Such a direct con-
nection may be suggested by the ”super-resolution” con-
tinuum image in Figure 11. Here, all clean components
extracted in the beam deconvolution process are recon-
volved with a circular beam of 50 mas, which is the same
as the minor axis of the original synthesized beam. The
image shows that the dust continuum emission is clearly
elongated along the maser distribution.
A true rotationally supported accretion disk, if it ex-
ists, is expected to be smaller than 32 au in diameter
(i.e., 2R0) in this case. This is one of the most com-
pact disks of the currently known accretion systems in
high-mass star-formation (e.g., Kraus et al. 2010). If a
centrifugal barrier is really located at 16 au in radius,
the initial specific angular momentum in G353 is esti-
mated to be ∼ 8 × 1020 (M∗/10 M⊙)
0.5 cm2 s−1. We
note that the estimated angular momentum varies by
less than 40% within a YSO mass range of 5 – 20 M⊙.
Another possible case is that a significant fraction of
total angular momentum could be removed outside of
100 au. Although the centrifugal barrier is relatively
small, the specific angular momentum expected in the
former case is slightly larger than that of several low-
mass disks and/or envelopes at the 100 au scale (e.g.,
Yen et al. 2017), due to the larger stellar mass.
All these hypotheses will be verified by thermal con-
tinuum and line observations at higher resolution (∼ 10
mas), resolving a face-on disk, infall streams, and binary
companions, etc. This will be done by our long-baseline
project in ALMA cycle 4. In addition, our infall model
itself will be directly examined by ongoing proper mo-
tion measurements of the class II CH3OH masers by the
Very Long Baseline Array (VLBA). This will allow us
to independently determine Z0 and M∗. A 3D veloc-
ity field will also constrain the accretion rate within 100
au, combined with mass information obtained by the
ALMA.
5. CONCLUSIONS
We have performed J-VLA and ATCA observations,
searching for the accretion system in G353 that is the
best candidate for a face-on HMYSO. Detailed obser-
vational outcomes and outstanding implications are as
follows.
1. The bolometric luminosity of 5×103 L⊙ was esti-
mated based on the IR archival data. This implies
that the host YSO mass is around 10 M⊙.
2. Our SED analysis suggested that the overall cen-
timeter SED could be modeled by a combination
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Figure 10. Edge-on cross-sectional (R - Z) view of the parabolic trajectory, i.e., the LOS is along the Z direction. The solid and
two dotted lines correspond to the best-fit model and 1 σ error range, respectively. The positive and negative radial distances
indicate an east blue-shifted region and west red-shifted region, respectively. The vertical and horizontal dash-dotted lines show
the landing radius (R = ± R0) and equatorial plane (Z = 0), respectively. The radial locations of observed data points are also
presented by the filled circles, with the color indicating LOS velocities, where any azimuthal locations were ignored.
Table 8. The best-fit parameters for the parabolic infall model
Reduced N p Z0 R0 x0 y0 Vsys
-χ2 (au) (mas) (km s−1)
0.68 24 1.86 ± 0.07 0.18 ± 0.03 16.0 +1.0
−0.9
2.3 +4.9
−4.4
4.6 +4.9
−5.5
-4.9 ± 0.1
Note— The definition of each parameter is described in the main text. The formal errors
were determined as χ2 to be unity.
of the radio jet and dust continuum emission. In
particular, the compact 45 GHz continuum source
detected by J-VLA could be explained by an op-
tically thick dust emission from the innermost cir-
cumstellar system of 100 au radius, although any
unresolved free-free contamination is still possible.
3. The expected mass of the dusty system is 0.2 M⊙
at minimum and up to a few M⊙ depending on
the dust parameters. This may suggest that the
system could be self-gravitating and dynamically
unstable; however, the SED model is still tenta-
tive and spatially resolved SED measurements are
required to confirm the exact circumstellar envi-
ronment.
4. The associated class II CH3OHmasers have shown
a spiral-like distribution. The observed systematic
velocity gradient is inconsistent with the Keplerian
rotation and simple infall motion that are applica-
ble for several class II CH3OH maser sources. We
have alternatively found that it can be explained
by infall streams falling down onto the face-on
equatorial plane along a parabolic orbit.
5. Our parabolic infall model predicts that the
streamline is quasi-radial and reaches the equa-
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Figure 11. ”Super-resolution” image of the 45 GHz con-
tinuum that was constructed by all the clean components
extracted in the beam deconvolution process. The contours
are from 24% (3σ) to 99%, with a step of 5% of the image
peak flux (1.13 mJy beam−1). A circular beam of 50 mas
diameter was convolved again, instead of the original syn-
thesized beam. The adopted circular beam is shown in the
lower left corner. The filled triangles and colors are the same
as those in Figure 3.
torial plane at 16 au radius. This radius is clearly
smaller than that of typical accretion disks in
high-mmass star formation, indicating that ini-
tial angular momentum in G353 was very small,
or the CH3OH masers selectively trace accreting
materials that have small angular momentum.
6. The physical origin of such a streamline is still an
open question and there are several possible sce-
narios. The spiral-like azimuthal distribution can
be explained by some gravitational effects such as
gravitational acceleration, binary interaction, and
gravitational instability, etc. On the other hand,
the vertical trajectory may be determined by (1)
a 2D profile of temperature and density that is
adequate for maser excitation, or (2) the actual
shape of a physically thick envelope or channel
flows between hierarchical accretion system, or (3)
an hourglass-shaped magnetic field.
7. The super-resolution image suggests that both of
the continuum emission and masers trace the same
dusty infall stream. In this case, the initial specific
angular momentum in G353 is ∼ 8 × 1020 (M∗/10
M⊙)
0.5 cm2 s−1, or a significant fraction of initial
angular momentum could be removed outside of
100 au.
Our pilot imaging successfully revealed the first face-
on view of the innermost accretion system in high-mass
star-formation, although it was still partially resolved.
In the future, we will perform the highest-resolution (∼
10 mas) thermal continuum and line observations with
the ALMA long baselines, in order to verify all these hy-
potheses and constrain the physical environment of the
innermost region (< 100 au). Proper motion measure-
ments of the class II CH3OH masers using VLBA are
also ongoing. This will give a direct examination of our
infall model itself, based on 3D maser kinematics.
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